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(54) Improved rec locker circuit and router cell 

(57) An improved reclocker circuit and router cell are 
provided that are particularly useful when configured in- 
to a router matrix comprising a plurality of intercon nect- 
ed router cells. The improved reclocker circuit includes 
an integral N-to-1 multiplexer (MUX), wherein N is at 
least three. The improved router cell includes the re- 
clocker/MUX circuit, a switch, and a fan-out circuit. A 
plurality of ports are coupled to the router cell circuitry, 



including an input port, an output port, a plurality of ex- 
pansion input ports, and a plurality of expansion output 
ports. The improved router cell couples either the input 
port or one the expansion input ports to its output port, 
and it also couples the input port to each of the expan- 
sion output ports. By using the improved router cells in 
the design of a router matrix, jitter induced by the re- 
clocker circuits is minimized. 
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Description 

BACKGROUND 

1 . Technical Field 

[0001] This patent application is directed to the field 
of signal switching and routing. More specifically, the ap- 
plication describes an improved reclocker circuit and 
router cell that are particularly useful in switching and 
routing video, telecommunication, or other types of time- 
sensitive signals in a large router matrix comprising a 
plurality of interconnected router cells. 

2. Description of the Related Art 

[0002] The core building block of the modem televi- 
sion studio is the video router The video router is a 
switch matrix that is coupled to and routes signals be- 
tween numerous video sources and numerous process- 
ing devices within the studio. Because timing is an im- 
portant aspect of routing and processing video signals 
{as well as other types of signals), video routers typically 
employ reclocking circuitry in order to correct the timing 
of the numerous signals that are routed through the ma- 
trix. Typical video routers in use today may have 40 or 
more inputs and outputs and are typically configured as 
a matrix of interconnected muter cells. 
[0003] When signals pass through a router, or through 
any other type of communication circuitry, the signals 
typically experience timing jitter. This timing jitter is man- 
ifested as a variation in the period of a signal waveform 
that typically cannot be removed by amplification and 
clipping, even if the signal is binary. As a result, systems 
for switching and/or processing time-sensitive signals 
typically employ a phase-locked loop (PLL) to extract a 
jitter-free version of a dock signal, which is then used 
to synchronize the signal being routed or processed. 
This extraction and synchronization process is generally 
referred to in this field as •retiming" or "reclocking," and 
devices that perform this process are typically referred 
to as "retimers" or "reclockers." Another commonly- 
used term for this device is a "data regenerator." A typ- 
ical retiming (reclocking) circuit is the Gennum GS9035, 
available from Gennum Corp. of Burlington, Ontario. 
[0004] Typical reclocker circuits, however, cannot 
perfectly correct the timing of the input signal, and thus 
there is still some small amount of jitter that remains in 
the signal. This remaining jitter creates a problem for 
video routers having a large number of router cells (and 
hence a large number of sequential reclocker circuits), 
because the small amount of jitter that remains in the 
signal being routed is additive from router cell to router 
cell. Eventually this additional jitter builds up to a point 
at which the data content of the signal has been degrad- 
ed so as to become unusable. 

[0005] FIG. 1 is a block diagram of a known router cell 
1 0. This router ceil 1 0 includes an input (A) 1 8, an output 




(Y) 20, an equalizer 12, a switch 14, and a reclocker 
circuit 16. The input signal (A) 1 8 is typically coupled to 
the equalizer 12 prior to being switched, in order to com- 
pensate for studio cable or other lossy medium over 

5 which the signal is transmitted. The output of the equal- 
izer 1 2 is then coupled to the input of the switch 14. The 
switch 14 either connects or disconnects the input signal 
(A) 1 8 to the output (Y) 20. Prior to outputting the signal 
(Y), however, the signal is processed by a reclocker cir- 

10 cuit 16. The reclocker circuit 16 retimes the data in the 
input signal (A) 1 8 before transmitting it to subsequent 
router cells, or outside of the router matrix to some de- 
vice in the studio. This retiming function is necessary in 
practical signal switching systems in order to ensure the 

is timing integrity of the data within the signals being 
switched through the router. The router cell 10 shown in 
FIG. 1 is considered non-expandable, as the maximum 
number of inputs is limited to one (A) 1 B. 
[0006] FIG. 2 is a block diagram of a known router cell 

20 10 with a single expansion input/output pair router (Xi, 
Xo) 22, 24. The router cell 10 shown in FIG. 2 includes 
many of the same elements as the cell shown in FIG. 1 . 
In FIG. 2, however, an expansion input/output pair (Xi, 
Xo) 22, 24, a 2-to-t (2:1) multiplexer 26, and a second 

25 reclocker circuit 1 6 have been added to the router cell. 
These additional elements enable the router cell 1 0 to 
be expandable so as to form a matrix of router cells, as 
further shown below with reference to FIG. 4. 
[0007] In this router cell 10, the expansion input (Xi) 

90 22 and the output of the switch 14 are routed to a 2:1 
multiplexer 26. The 2:1 multiplexer 26 selects one of the 
inputs (Xi) 22 or (A) 18 for routing to the first reclocker 
circuit 1 6 and then onto the router cell output (Y) 20. The 
input signal (A) 18 is routed through the switch 14 and 

35 is then coupled to the second reclocker circuit 1 6 before 
being output on the expansion output line (Xo) 24. FIG. 
3 is a simplified schematic of the router cell shown in 
FIG. 2. 

[0008] FIG. 4 is a schematic of a known router matrix 

40 comprising a plurality of router cells. Using the router 
cell 1 0 shown in FIG. 2 as a basic building block, a router 
matrix can be created by connecting one router cell to 
one or more other cells. For example, as shown in FIG. 
4, a four input, four output router matrix can be con- 

45 struct ed using 1 6 router cells 10. The router cells 1 0 are 
organized into a two-dimensional matrix structure com- 
prising a plurality of rows and columns. The signal inputs 
AO, A1 , A2 and A3 (1 6) are coupled to the first row of 
router cells 10 located at the top of the router matrix. 

so The expansion inputs XK), XI1 , Xi2 , and Xi3 (22) are cou- 
pled to the first column of router cells 10 located on the 
left side of the matrix. The signal outputs Y0, Y1 , Y2 and 
Y3 (20) are coupled to the last column of router cells 10 
located on the right side of the matrix. And the expansion 

ss outputs Xo1 , Xo2, Xo3, and Xo4 (24) are coupled to the 
last row of router cells 10 located at the bottom of the 
router matrix. The remaining cells in the matrix are then 
configured as shown in FIG. 4 in order to connect the 
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inputs 18, 22 to the outputs 20, 24. 
{0009] In the router shown in FIG. 4, connecting signal 
input AO to output Y3 produces a path that reciocks the 
input data signal seven times. To get from AO to Y3, the 
signal at AO is routed through router cells 1 0A, 1 0B, 1 0C, 
10D, 10E, 10F, and 10G {i.e., seven router cells). It can 
be seen from this architecture that the longest path 
through an NxN router designed in this manner results 
in the input signal being reclocked 2N-1 times. Thus, for 
the 4x4 matrix shown in FIG. 4, the number of reciocks 
is 2(4)-1 or 7. 

[0010] The disadvantage with this router design is that 
the number of reciocks in the longest path expands lin- 
early with the size of the router. With jitter accumulating 
from each reciocker circuit, every subsequent stage in 
the matrix will encounter more difficulty in retiming the 
data. Eventually, the additive jitter induced in the data 
signal will be such that the reciocker circuit 16 cannot 
retime the signal being routed through the matrix, at 
which point the signal is relatively useless. 

SUMMARY 

[0011] An improved reciocker circuit and router cell 
are provided that are particularty useful when configured 
into a router matrix comprising a plurality of intercon- 
nected router cells. The improved reciocker circuit in- 
cludes an integral N-to-1 multiplexer (MUX), wherein N 
is at least three. The improved router cell includes the 
reclocker/MUX circuit, a switch, and a fan-out circuit. A 
plurality of ports are coupled to the router cell circuitry, 
including an input port, an output port, a plurality of ex- 
pansion input ports, and a plurality of expansion output 
ports. The improved router cell couples either the input 
port or one the expansion input ports to its output port, 
and it also couples the input port to each of the expan- 
sion output ports. By using the improved router cells in 
the design of a router matrix, jitter induced by the re- 
docker circuits is minimized. 

[0012] According to one aspect of the invention, a 
router matrix is provided for routing signals from a plu- 
rality of input ports to a plurality of output ports. The rout- 
er matrix includes a plurality of interconnected router 
cells coupled between the input ports and the output 
ports, wherein the interconnected router cells are con- 
figured into a two-dimensional matrix. Each of the router 
cells includes an input port, an output port, a plurality of 
expansion input ports, and a plurality of expansion out- 
put ports. The router cells are interconnected using the 
input ports, the output ports, the plurality of expansion 
input ports, and the plurality of expansion output ports 
in order to reduce the maximum path length through the 
router matrix, and thereby reduce the number of re- 
clocks of the routed signals. 

[0013] According to another aspect of the invention, 
an improved reelecting circuit is provided that includes 
an N: 1 multiplexer for receiving N input signals and for 
selecting one of the N input signals, wherein N is at least 



3; and a reciocker coupled to the output of the N:1 mul- 
tiplexer for retiming the data in the selected input signal. 
[0014] Still another aspect of the invention provides a 
router cell for use in a router matrix. The router cell in- 

5 eludes: (i) a switch coupled between an input port and 
an output port of the router cell, wherein the switch in- 
cludes an input for receiving an input signal and two out- 
puts, a first switched output and a second pass-through 
output; (ii) a first reciocker circuit coupled to the pass- 

10 through output of the switch; (iit) a fan-out circuit coupled 
to the first reciocker for duplicating a signal output from 
the first reciocker circuit in order to generate a plurality 
of expansion output signals; and (iv) a second reciocker 
circuit having an integral N:1 multiplexer, where N is at 

15 least 3, and wherein the second reciocker circuit is cou- 
pled to a plurality of expansion input ports of the router 
cell and the switched output from the switch and gener- 
ates an output signal. 

[0015] It should be noted that these are just some of 
20 the many aspects of the present invention. Other as- 
pects not specified will become apparent upon reading 
the detailed description of the preferred embodiment set 
forth below. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 



30 



35 



50 



FIG. 1 is a block diagram of a known router cell; 
FIG. 2 is a block diagram of a known router cell with 
a single expansion input/output pair; 
FIG. 3 is a simplified schematic of the known router 
cell shown in FIG. 2; 

FIG. 4 is a schematic of a known router matrix com- 
prising a plurality of the router cells shown in FIG. 2; 
FIG. 5 is a block diagram of an improved router cell 
having a plurality of expansion input/output pairs; 
FIG. 6 is a simplified schematic of the improved 
router cell shown in FIG. 5; 

FIG. 7 is a schematic of an improved router matrix 
comprising a plurality of the improved router cells 
shown in FIG. 5, and demonstrating a first routing 
path through the router matrix; and 
FIG. 8 is a schematic of the improved router matrix 
shown in FIG. 7 demonstrating a second routing 
path through the router matrix. 

DETAILED DESCRIPTION OF THE DRAWING 



[0017] Turning now to the remaining drawings, FIG. 5 
is a block diagram of an improved router cell 30 having 
a plurality of expansion input/output pairs 22A-22C, 
24A-24C, and including an improved redocker circuit 
32. This improved router cell 30 is particular useful in 
S5 combination with other router cells 30 of the same type 
in forming a router matrix, such as the type set forth be- 
low in FIGs. 7 and 8. This type of router matrix is partic- 
ularty useful, for example, as a video router for connect - 
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ing video signals in a television studio. These video sig- 
nals could be digital signals, such as SDTV or HDTV 
television signals, or they could be other types of digital 
video signals. The present invention, however, is not 
limited to routing video signals, and can be used to 
switch and route and type of digital signals in which it is 
desirable to reduce the additive jitter caused by a re- 
clocking (or retiming) circuit operating within the switch- 
ing mechanism. 

[0018] The improved router cell 30 shown in FIG. 5 
may include an input signal port 18 (for receiving an in- 
put signal A), an output signal port 20 (for outputting a 
signal Y), a plurality of expansion input ports 22A, 22B, 
22C (for receiving a plurality of expansion inputs XiO, 
Xi1 , Xi2), and a plurality of expansion output ports 24A, 
24B, 24C (for outputting a plurality of expansion output 
signals XoO, Xo1 , Xo2). Coupled between the ports 18, 
20, 22, 24 are an equalizer 12, a switch 14, a first re- 
docker circuit 16 of a first type, a second rectocker cir- 
cuit 32 of a second type, and a fan-out circuit 36. 
[0019] The first redocker 16 is similar to known re- 
dockers, such as the Gennum GS9035. The second re- 
docker 32, however, is an improved redocker drcurt 
that includes a known redocker component 16, such as 
the Gennum GS 9035, and also indudes an N-to-1 ex- 
pansion multiplexer 34, where N is at least 3 (i.e., the 
expansion multiplexer is at least 3:1). Preferably, the 
first redocker drcurt 1 6 and the expansion multiplexer 
34 are integrated into a single device, such as an inte- 
grated drcurt, although alternatively they may be sepa- 
rate components. 

[0020] The improved router cell shown in FIG. 5 op- 
erates as follows. The input signal A is coupled to the 
input signal port 1 8 and is passed through the equalizer 
12, which operates in a manner similar to the equalizer 
12 shown in FIGs. 1 and 2. The input signal A passes 
through the equalizer 12 and is then coupled to the 
switch 14. The switch 14 has one input, which is coupled 
to the output of the equalizer 1 2, and two outputs 1 4A, 
14B. The first output 14A is a switched output, which is 
coupled to one of the inputs of the N:1 MUX 34 of the 
improved redocker drcurt 32. The switched output 14A 
is either coupled to the input signal A, which is present 
at the input to the switch, or it is coupled to no signal at 
all, depending on the state of the switch 1 4. The second 
output 14B is a pass-through output that simply passes 
through the input signal A. 

[0021] The passed through signal on the second out- 
put 14B is coupled to a standard redocker drcurt 16, 
which performs the redocker (or retiming) operation on 
the input signal A. The recJocked signal is then output 
from the redocker 1 6 to a fan-out circuit 36. The fan-out 
circuit 36 couples the redocked signal from the redock- 
er 1 6 to the plurality of expansion output ports 24A, 24B, 
24C, thereby providing a plurality of expansion output 
signals XoO, Xo1 , Xo2. 

[0022] In addition to the switched output 1 4A, the im- 
proved redocker circuit 32 is also coupled to the plurality 



of expansion input ports 22A, 22B, 22C to thereby re- 
ceive the plurality of expansion input signals XiO, Xi1 , 
Xi2. The signals on these lines (ports) 14A, 22A, 22B, 
22C are coupled to the inputs of the N:1 expansion mul- 

5 tiplexer 34, which, as noted previously, includes at least 
three inputs, and perhaps more. The expansion multi- 
plexer 34 selects one of the inputs and routes the se- 
lected signal to the redocker 16, which performs the 
same redocker operation as the redocker 1 6 connected 

10 to the second output 1 4B of the switch 1 4. The redocked 
signal from the improved redocker circuit 32 is provided 
on the output port 20 as output signal Y. 
[0023] FIG . 6 is a simplified schematic of the improved 
router cell 30 shown in FIG. 5. This schematic depicts 

15 the improved router cell 30 as a black box having an 
input port 18 for receiving an input signal A, an output 
port 20 for providing an output signal Y, a plurality of ex- 
pansion input ports 22A, 22B, 22C for receiving a plu- 
rality of expansion input signals Xi, and a plurality of ex- 

20 pansion output ports 24A, 24B, 24C for providing a plu- 
rality of expansion output signals Xo. The simplified 
schematic shown in FIG. 6 can be used to depict a router 
matrix (or router) comprising a plurality of interconnect- 
ed router cells. 

25 [0024] FIG. 7 is a schematic of an improved router 
matrix comprising a plurality of the improved router cells 
shown in FIG. 5, and demonstrating a first routing path 
through the router matrix. The router matrix shown in 
FIG. 7 is a four input, four output router matrix compris- 

30 jng 1 6 router cells, similar to that shown in FIG. 4. In the 
router matrix of FIG. 7, however, the improved router 
cells 30 shown in FIGs. 5, 6 are utilized in order to create 
a more efficient router that minimizes jitter in the signals 
routed through the matrix. 

35 [0025] In the router matrix shown in FIG. 7, each rout- 
er cell 30 indudes three expansion input ports 22A, 22B, 
22C and three expansion output ports 24A, 24B, 2 AC, 
and therefore can be connected to a maximum of eight 
other router cells 30 via these expansion ports and the 

40 input and output pons 1 8, 20. Using this enhanced con- 
nectivity, the router matrix can be constructed in a man- 
ner that minimizes the number or router cells (and hence 
redocking operations) along a particular path through 
the matrix. 

45 p)026] Consider, for example, the path shown in FIGs. 
4 and 7. In FIG. 4, the path from input AO to output Y3 
passes through seven router cells 1 0A-1OG, and there- 
fore the signal is redocked seven times. In the same 
path shown in FIG. 7, however, the input signal AO pass- 
so es through only three router cells 30A, 30D, 30G prior 
to reaching the output Y3. This reduced path length is 
accomplished by coupling router cell 30A to router cells 
30B, 30C and 30D via the expansion output ports 24A, 
24B, 24C of router cell 30A, and by coupling muter cell 
55 30G to the output of router cells 30D, 30E and 30F via 
the expansion input ports 22A, 22B, 22C of router cell 
30G. By coupling the router cells 30A in this manner, the 
maximum number of redocks between any input and 
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any output is substantially reduced over known router 
designs. 

[0027] The router matrix shown in FIG. 7 is a simple 
case of a four input, four output design. In this simple 
case, the number of times that the data signals are re- 
timed is reduced from a maximum of seven (in the 
known router design) to a maximum of three. The effi- 
ciency gains of the present invention are even more pro- 
nounced for larger N matrices. For example, in a 40X40 
router (i.e., N=40), if the known router cell 1 0 and matrix 
shown in FIGs. 2 and 4 are utilized, then the maximum 
number of reclocks is 79 (/.e, 2N-1). If, however, the im- 
proved router cell shown in FIG. 5 is utilized to build the 
matrix, then the maximum number of reclocks along our 
path would be 7. If only two expansion inputs/outputs 
are provided per cell, instead of three (as shown in FIG. 
5), then the maximum number of reclocks is increased 
from 7 to 11 . In either case, the improved router cell of 
the present invention enables a dramatic decrease in 
the number of retocking operations along a given path. 
[0028] FIG. 8 is a schematic of the improved router 
matrix shown in FIG. 7 demonstrating a second routing 
path through the router matrix. In this path, the input sig- 
nal A2 is routed to the output signal Y0 through the rout- 
er cells 30A and 30B. Thus, two reclocks are encoun- 
tered when traversing this path. 

[0029] Having described an example of the invention 
by way of these drawing figures, it should be understood 
that this is just one example of the invention, and nothing 
set forth in this detailed description is meant to limit the 
invention to this example. Other embodiments, improve- 
ments, substitutions, alternatives, or equivalent ele- 
ments and steps to those set forth in this application are 
also meant to be within the scope of the invention. 



of expansion output ports. 

3. The router matrix of claim 1 , wherein signals being 
routed through the interconnected router cells are 

5 video signals. 

4. The router matrix of claim 3, wherein the video sig- 
nals are HDTV digital video signals. 

10 5. The router matrix of claim 1 , wherein each router 
cell includes: 

a switch coupled between the input port and the 
output port, wherein the switch includes an in- 
put for receiving an input signal and two out- 
puts, a first switched output and a second pass- 
through output; 

a first redocker circuit coupled to the pass- 
through output of the switch; 
a fan-out circuit coupled to the first redocker for 
duplicating a signal output from the first re- 
docker circuit in order to generate a plurality of 
expansion output signals; and 
a second redocker circuit having an integral N: 
1 multiplexer, where N is at least 3, and wherein 
the second redocker circuit is coupled to the 
plurality of expansion input ports and the 
switched output from the switch and generates 
an output signal. 

6. The router matrix of daim 5, wherein each router 
cell further includes an equalizer coupled between 
the input port and the input of the switch. 

35 7. The router matrix of claim 5, wherein N is at least 4. 



15 



20 



25 



30 



Claims 

1 . A router matrix for routing signals from a plurality of 
input ports to a plurality of output ports, comprising: 

a plurality of interconnected router cells cou- 
pled between the input ports and the output 
ports, wherein the interconnected router cells 
are configured into a two-dimensional matrix; 
each of the router cells having an input port, an 
output port, a plurality of expansion input ports, 
and a plurality of expansion output ports, and 
wherein the router cells are interconnected us- 
ing the input ports, the output ports, the plurality 
of expansion input ports, and the plurality of ex- 
pansion output ports in order to reduce the 
maximum path length through the router matrix. 

2. The router matrix of claim 1 , wherein at least one of 
the router cells is connected to at least six other 
router cells via the input port, the output port, the 
plurality of expansion input ports, and the plurality 



8. The router matrix of daim 1 , wherein each router 
ceU includes a redocker circuit. 

The router matrix of daim 8, wherein each router 
cell indudes an expansion multiplexer coupled to 
the plurality of expansion input ports and the input 
port for selecting a signal on one of the plurality of 
expansion input ports or the input port, and a fan- 
out drcuit for duplicating a signal on the input port 
to the plurality of expansion output ports. 

L A reclocking circuit, comprising: 

an N:1 multiplexer for receiving N input signals 
and for selecting one of the N input signals, 
wherein N is at least 3; and 
a redocker coupled to the output of the N: 1 
multiplexer for retiming the data in the seleded 
input signal. 

11. The redocking drcuit of claim 10, wherein N is at 
least 4. 
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12. The reclocking circuit of claim 10, wherein N is 
greater than 4. 

13. The reclocking circuit of claim 1 0, wherein the input 
signals are video signals. 

1 4. The reclocking circuit of claim 1 3, wherein the video 
signals are HDTV digital video signals. 



15. A router cell for use in a router matrix, comprising: 10 

a switch coupled between an input port and an 
output port of the router cell, wherein the switch 
includes an input for receiving an input signal 
and two outputs, a first switched output and a 15 
second pass-through output; 
a first rec locker circuit coupled to the pass- 
through output of the switch; 
a fan-out circuit coupled to the first rec locker for 
duplicating a signal output from the first re- *o 
docker circuit in order to generate a plurality of 
expansion output signals; and 
a second redocker circuit having an integral N: 
1 multiplexer, where N is at least 3, and wherein 
the second redocker drcurt is coupled to a plu- 25 
rality of expansion input ports of the router cell 
and the switched output from the switch and 
generates an output signal. 

16. The router cell of claim 15, further including an 30 
equalizer coupled between the input port and the 
input of the switch. 

17. The router cell of daim 15, wherein N is at least 4. 

35 
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Fig. 7 
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